Background: The aims of this study were to evaluate the validity of preoperative basal serum cortisol levels measured in predicting preoperative adrenal insufficiency and also the validity of basal serum cortisol levels and early postoperative insulin tolerance test (ITT) in predicting postoperative adrenal insufficiency. Methods: The study was prospectively designed and included 64 patients who underwent pituitary surgery for conditions other than Cushing's disease. An ITT was performed preoperatively, on the 6th postoperative day and at the 1st postoperative month. Basal serum cortisol levels were measured on the 2nd, 3rd, 4th, 5th, and 6th postoperative days. Results: Patients with a preoperative basal cortisol level of !165 nmol/l (6 mg/dl) showed insufficient cortisol response and those with levels higher than 500 nmol/l (18 mg/dl) had sufficient cortisol response to the preoperative ITT. The positive predictive value of the ITT performed on the 6th postoperative day was 69.7%, and the negative predictive value in predicting adrenal insufficiency at the 1st postoperative month was 58%. Patients were considered to have an insufficient cortisol response to ITT at the 1st postoperative month if their basal cortisol levels were !193 nmol/l (7 mg/dl) or 220 nmol/l (8 mg/dl) or 193 nmol/l (7 mg/dl) or 165 nmol/l (6 mg/dl) or 83 nmol/l (3 mg/dl) on the 2nd-6th postoperative days respectively.
Introduction
Controversy exists regarding hypothalamic-pituitaryadrenal (HPA) axis evaluation and glucocorticoid replacement around the time of pituitary surgery. The insulin tolerance test (ITT) is the gold standard test for examining HPA axis function (1) (2) (3) . It is used in the preoperative and postoperative assessment of patients with pituitary adenoma.
The HPA axis may also be evaluated by other tests, such as the ACTH (1 and 250 mg ACTH 1-24), metyrapone, glucagon, and CRH stimulation tests. There are several advantages to using ITT compared with other tests. The entire HPA axis can be evaluated in addition to the GH and insulin-like growth factor 1 axis, and cortisol responses to ITT are reproducible in normal subjects (4, 5) . But there are some disadvantages; ITT is unpleasant for patients and close medical supervision is required during the test. It is contraindicated in patients with ischemic heart disease, arrhythmia, or epilepsy, and should be used in older patients with caution.
The disadvantages of ITT raise the question whether basal serum cortisol can be used as a first step in the assessment of HPA axis integrity with optimal cut-off levels, and limit the number of patients undergoing dynamic testing.
Postoperative basal cortisol level has previously been compared with cortisol response to the ACTH stimulation test and ITT in predicting postoperative adrenal insufficiency. Different cortisol cut-off levels have been suggested for the 5th or 6th-7th postoperative days according to the ITT at the 4th or 6th postoperative week (6) (7) (8) . In one study, the concordance of low and standard dose ACTH stimulation tests and ITT in the early postoperative period with a third month postoperative ITT was examined in 19 patients, and early postoperative dynamic tests were considered to be useless (9) .
The aims of this study were to evaluate the validity of preoperative basal serum cortisol levels in predicting preoperative adrenal insufficiency and also the validity of basal serum cortisol levels and early postoperative ITT in predicting postoperative adrenal insufficiency. If a cut-off level for basal cortisol can be determined, ITT might be avoided in at least some patients both preoperatively and/or postoperatively, and glucocorticoid replacement could be considered according to basal cortisol levels.
Patients and methods

Patients
This study was prospectively designed and included 64 patients ( 
Study protocol
Patients were operated on by the same neurosurgeon (A S). Basal pituitary hormone levels were measured in all patients preoperatively and postoperatively on the 6th day and at 1 month. An ITT was performed preoperatively on all patients except on nine patients who were in urgent need of pituitary surgery. Basal serum cortisol levels were measured on the 2nd, 3rd, 4th, 5th, and 6th postoperative days. An ITT was repeated on the 6th postoperative day and at 1 month. None of the patients had hypoalbuminemia or had been treated with estrogens that could affect the measurement of serum cortisol.
A 25-mg dose of prednisolone was given on the day of operation, and a further 25 mg i.v. just before anesthesia induction to patients with secondary adrenal insufficiency which had been detected preoperatively. The other patients underwent the operation under close supervision without glucocorticoid administration. After performing the ITT on the 6th postoperative day, patients were followed up by close clinical supervision in the 1st postoperative month, and replacement therapy was planned according to the results of the ITT at 1 month.
The ITT was performed after an overnight fast, starting at 0800-0900 h. Peripheral venous blood samples were obtained before the test and after achieving hypoglycemia at (0), 30, 60, 90, and 120 min following the administration of 0.1-0.2 U/kg i.v. regular insulin for the measurement of cortisol levels. All patients developed symptomatic hypoglycemia with serum glucose levels of !2.2 mmol/l during the ITT. Peak cortisol levels of 550 nmol/l (20 mg/dl) or greater were considered as a normal response to ITT (3).
Serum cortisol levels were measured by RIA with commercially available kits (Active Cortisol RIA, Diagnostic System Laboratories 2100, Webster, TX, USA). This procedure has an intra-and inter-assay coefficient of variation between 8.4-11.1 and 9.1-11.5% respectively. Its sensitivity is 8.3 nmol/l (0.3 mg/dl).
The study was approved by the local ethics committee, and all patients gave written informed consent.
Statistical analysis
Statistical analysis was performed with SPSS version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows. The receiver operator characteristic (ROC) curve was used to determine the preoperative basal cortisol cut-off levels in predicting with the best specifity preoperative adrenal insufficiency, according to ITT and postoperative basal cortisol cut-off levels, to detect patients with secondary adrenal insufficiency at 1st postoperative month.
Results
Preoperative assessment
Thirty-four patients had adrenal insufficiency, and 21 patients had a normal cortisol response to ITT preoperatively; ITT could not be performed preoperatively on nine patients. Using ROC analysis to assess the need for dynamic testing, we defined two cut-off values for basal serum cortisol. Patients with a basal cortisol level of !165 nmol/l (6 mg/dl) had an insufficient cortisol response to the preoperative ITT (sensitivity: 38.2%, specifity: 100% in predicting HPA axis insufficiency), and patients with a basal cortisol level R496 nmol/l (18 mg/dl) showed a sufficient cortisol response to the preoperative ITT (sensitivity: 47%, specifity: 100% in predicting HPA axis sufficiency; Fig. 1 ).
Postoperative assessment
Postoperative ITTs were performed on 64 patients. At 1 month, 52% of patients had similar HPA axis function as they did preoperatively, 18% recovered, and 14% experienced new-onset secondary adrenal insufficiency ( Table 1 ). Ten of the 33 (30%) patients with adrenal insufficiency, according to the ITT on the 6th postoperative day, had normal response to the ITT at 1 month. Thirteen of the 31 (42%) patients who had a normal response to ITT on the 6th postoperative day had adrenal insufficiency at 1 month ( Table 2 ). The positive predictive value of the ITT performed on the 6th postoperative day was 69.7, and the negative predictive value in predicting adrenal insufficiency at 1 month was 58%.
An ROC analysis was made to define the cut-off values for postoperative basal serum cortisol levels in order to predict postoperative adrenal insufficiency. All patients were considered to have an insufficient cortisol response to the ITT at 1 month if their cortisol levels were !193 nmol/l (7 mg/dl) or 220 nmol/l (8 mg/dl) or 193 nmol/l (7 mg/dl) or 165 nmol/l (6 mg/dl) or 83 nmol/l (3 mg/dl) on the 2nd-6th postoperative days respectively. The predictive values of postoperative basal cortisol levels are shown in Table 3 .
Discussion
The need for glucocorticoid replacement therapy before and after pituitary surgery is decided according to the assessment of HPA axis integrity. There is no consensus on which test is best to assess the HPA axis (10, 11) .
Although controversy exists regarding the optimal test and optimal time for conducting tests in the postoperative period, the ITT is considered to be the gold standard test and is used as reference in clinical trials (6, 7, 9, 12, 13) .
In this study, 64 patients with pituitary adenoma undergoing pituitary surgery were evaluated with a preoperative ITT, postoperative daily cortisol measurements and ITTs in the early postoperative period and at 1 month. This study differs from previous studies since patients were prospectively assessed both preoperatively and postoperatively, and we tried to determine the optimal time to measure serum basal cortisol levels.
The preoperative assessment of adrenal sufficiency by basal cortisol measurement as the first-line test has previously been examined. Patients with a basal cortisol level lower than 100 nmol/l (3.6 mg/dl) are considered to have ACTH deficiency, and glucocorticoid replacement is recommended. A basal cortisol level higher than 450 nmol/l (16.3 mg/dl) is accepted as a sufficient adrenal response, and cortisol levels between 100 and 450 nmol/l (3.6-16.3 mg/dl) are recommended for evaluation by dynamic testing (14) . According to the results of the preoperative ITTs which were performed on 55 patients in this study, we found that patients with basal serum cortisol levels between 165 and 496 nmol/l (6-18 mg/dl) required dynamic testing. The majority of previous studies determined the lower cut-off for basal cortisol as 100-110 nmol/l (3.6-4 mg/dl), but the upper cut-off was found to range between 300 and 494 nmol/l (10.8-17.9 mg/dl) (15) (16) (17) (18) . In a metaanalysis of 12 studies, basal cortisol levels !5 mg/dl (138 nmol/l) were found to predict HPA insufficiency best, and values O13 mg/dl (365 nmol/l) predicted normal HPA function (19) . If we had used a cut-off level of 13 mg/dl for HPA axis sufficiency which was suggested by Kazlauskeite et al. (19) 16 patients out of 21 would have been diagnosed correctly in the preoperative period. Of the 21 patients with basal cortisol levels higher than 13 mg/dl, five (24%) patients had insufficient response to ITT. Similarly, if we had used the suggested cut-off level (13 mg/dl) for basal cortisol for the ITTs conducted on the 6th postoperative day and at 1 month, 21 and 24% of the patients would have been misdiagnosed as adrenal sufficient. If patients with a postoperative (days 2-6) basal cortisol level higher than 13 mg/dl were assumed to have sufficient HPA axis function at 1 month, 77% of the patients would have been misdiagnosed as adrenal sufficient. Therefore, the suggested upper cut-off level of 13 mg/dl in the early postoperative period may not be appropriate for the prediction of adrenal insufficiency at 1 month. Basal cortisol levels should be interpreted carefully when evaluating HPA axis sufficiency.
The use of dynamic testing, including the low dose and standard dose ACTH stimulation test, in the early postoperative period has previously been found to be inappropriate, although the 1-mg ACTH stimulation test was found to be better (9) . According to our findings, the ITT in the early postoperative period appears to be unnecessary since its positive predictive value was found to be 69.7% and its negative predictive value in predicting adrenal insufficiency at 1 month was 58%. Therefore, it might be better to postpone dynamic testing with ITT until the end of the 1st postoperative month. It has been argued that postoperative single or multiple cortisol measurements to evaluate the HPA axis could limit the number of patients undergoing dynamic testing (20, 21) . Morning serum cortisol a week after pituitary surgery is suggested as a screening test. If serum cortisol is %100 nmol/l (3.6 mg/dl), HPA axis insufficiency is present (6, (22) (23) (24) . If the serum cortisol level is R400 or 450 nmol/l (14.5-16 mg/dl), the HPA axis is thought to be sufficient (6, (23) (24) (25) . The minimum cortisol levels which would allow us to predict adrenal insufficiency with 100% specifity in the very early (2nd and 3rd) postoperative days were found to be higher than the minimum cortisol levels found on the 6th day. Therefore, it should be kept in mind that the cortisol level measured on the 2nd or 3rd postoperative day might not reflect, and may be higher than that at 1 week. Patients with cortisol levels lower than 220-270 nmol/l (8-10 mg/dl) on the 2nd or 3rd postoperative day are discharged and recommended for low-dose glucocorticoid replacement therapy (26) (27) (28) (29) . The results of this study are consistent with these practices.
Pituitary surgery itself may be responsible, at least in part, for increased serum cortisol levels due to stimulated ACTH secretion. Patients with pituitary adenomas other than Cushing's disease, with an intact HPA axis, have previously been shown to have higher daily urinary free cortisol levels in the postoperative period than patients undergoing surgery for lumbar disc disease (30) . The highest levels of urinary cortisol were found on the day of surgery, these declined steadily but remained elevated for a longer period of time than in patients with lumbar disc disease (30) . In another study, morning serum cortisol levels were shown to double on the day of pituitary surgery, dropping to normal ranges on the 4th postoperative day (21) . Therefore, pituitary surgery itself may cause the release of ACTH, and serum cortisol levels may remain elevated in the early postoperative days.
The role of postoperative morning cortisol levels in detecting adrenal insufficiency has recently been examined. Jayasena et al. reviewed the retrospective data of 36 patients who underwent transsphenoidal surgery for pituitary adenoma followed by the measuring of morning cortisol levels on day 5 and ITT 6 weeks later. Day 5 serum cortisol levels !111 nmol/l (4 mg/dl) showed adrenal insufficiency at 6 weeks with 100% specifity, and cortisol levels higher than 392 nmol/l (14.5 mg/dl) showed adrenal sufficiency at 6 weeks with 100% sensitivity and 46% specifity (8) . Marko et al. reviewed the data of 83 pituitary adenoma patients with basal cortisol level measurement on postoperative day 1 in patients without glucocorticoid replacement, and on day 2 in patients who received glucocorticoid replacement during the perioperative period. They suggested a cut-off level of 413 nmol/l (15 mg/dl) for postoperative steroid supplementation with 80% sensitivity, 66% specifity, and a positive predictive value of 96%. At 1-3 months, they reevaluated with a 250-mg ACTH stimulation test. They performed an ITT or metyrapone test on only 12 patients with abnormal ACTH stimulation test results. Since the number of patients on whom ITTs were performed were limited (8, 31) and lower cut-off values for sufficient cortisol response to ITT (equal or higher than 500 nmol/l) were used (8) , it is difficult to make a comparison between these studies and the present study.
Cozzi et al. evaluated the cortisol levels of 72 pituitary adenoma patients on the 2nd postoperative day, and levels lower than 220 nmol/l (8 mg/dl) were found to show an insufficient response; levels higher than 220 nmol/l (8 mg/dl) on the 2nd postoperative day showed sufficient response to the 1-mg ACTH stimulation test at the 6th postoperative week (32) . This cutoff level is similar to what we found (7-8 mg/dl on early postoperative days), but we were unable to conclude that cortisol levels higher than 193-220 nmol/l (7-8 mg/dl) in the early postoperative days would predict sufficient adrenal response to ITT at 1 month.
As mentioned above, the continuation of increased cortisol secretion in some patients after pituitary surgery may limit the ability to define a cut-off value for HPA axis sufficiency (21, 30) . The sensitivity of the cut-off levels determined in the present study was found to be very low. Therefore, postoperative serum cortisol levels may not be reliable in excluding postoperative adrenal insufficiency at 1 month if they are normal or high. The clinical decision to use glucocorticoid replacement seems to be much more important than the measurement of basal cortisol levels unless they are found to be low. It may be more appropriate to carry out definitive dynamic testing at the 1st postoperative month rather than at the 1st postoperative week. Differences in the administration of hydrocortisone coverage may have caused discrepancies in the results of serum cortisol levels in different studies. Exogenous glucocorticoids may cause suppression of cortisol (23) . In this study, the administration of prednisolone was limited to the day of the operation because there was a probability of suppressing the HPA axis. Although 34 patients had adrenal insufficiency preoperatively in this study, serum basal cortisol levels in the postoperative period were still high. Patients had glucocorticoid replacement just on the day of the operation, and daily cortisol measurements started on the 2nd postoperative day allowing a time period long enough for the clearence of any exogenous prednisolone which could account for elevated cortisol levels on the 2nd-3rd postoperative days; there were also patients who did not receive glucocorticoids perioperatively.
In conclusion, in patients with pituitary adenoma, preoperative ITT should be reserved for selected patients with cortisol levels between 165 and 496 nmol/l (6-18 mg/dl). An ITT performed shortly after surgery is not reliable in predicting long-term HPA axis failure. Postoperative serum basal cortisol levels may help to limit the number of patients undergoing dynamic testing at the 1st postoperative month, but it should be kept in mind that basal cortisol cut-offs may change during the early follow-up. If dynamic testing is required, it is reasonable to wait until the end of the first month.
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